Reaction-induced fracturing is a common phenomenon in both natural and man-made 36 materials. Salt growth in building materials such as rocks and cements is a major problem that 37 causes serious deterioration and weakening of man-made structures (Scherer, 1999) . In 
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Since growth and/or swelling in a porous material will tend to clog initially connected 46 porosity (Hövelmann et al., 2012) and thus reduce the permeability, reaction-induced fracturing 47 (Zhu et al., 2016 ) is thought to be critical in sustaining fluid-induced reactions in a system that In natural systems, it is often difficult to determine to what extent fractures in a hydrated 53 rock are related to the far field external stresses rather than the internal stresses generated by the 54 hydration reaction itself (Rouméjon and Cannat, 2014 oxide is often used to efficiently seal boreholes (Wolterbeek et. al., 2017) . The real-time 64 microscale structural evolution of the periclase sample at in-situ stress and temperature 65 conditions were obtained using synchrotron X-ray microtomography. We studied the effect of 66 imposed stresses, including the differential and mean stresses, on reaction rate and reaction-67 induced fracturing.
68

Materials and Methods
69
The reaction MgO + H2O = Mg(OH)2 has an associated solid volume increase of about 70 110% accompanying a 45% weight increase (Kuleci et al., 2016) . The equilibrium temperature 71 of the dehydration reaction of brucite to form periclase is ca. 550°C at 1 atm pressure (Johnson 72 and Walker, 1993). The kinetics of this reaction have been studied experimentally (Liu et al., 73 2017) and follow an Avrami-type sigmoidal kinetics (Avrami, 1939) at temperatures between 74 320 to 360°C and pressures ranging from 819 to 1282 MPa. The hydration of periclase into (Table 1) , the same procedure was followed.
98
For each sample, 3-dimensional (3D) tomography volumes were acquired every 5 minutes 99 during the progress of reaction. The volumes were then reconstructed as 16-bit gray levels three-100 dimensional images, with a voxel size of 6.5 micrometers.
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All the reconstructed datasets are of excellent quality, with a low level of noise and 102 artefacts. Since X-ray attenuation depends on density and is represented by gray values, the three 103 phases -periclase, brucite and pores -can easily be separated (Fig. 2) . The gray value of brucite is very similar to the jacket around the sample, therefore the background was subtracted with a 105 mask and only the sample was preserved (Figs. 3, 4) . For all time steps, we calculated histograms 106 of the gray value frequency distribution from 180 million voxels that constituted a parallelepiped 107 sub-volume just off the center of the sample cylinder (Fig. 2) . As the reaction progressed through 108 the parallelepiped, changes in the volume fraction of periclase, brucite and porosity were 109 measured (Fig. 2) . By "pore", we refer to the definition of Sprunt and Brace (1974) for the pore 110 space that includes both the existing pores of the sample and the newly created pores during the 111 experiments. We separated (i.e. segmented) the three phases after reducing the noise in the data 112 through a non-local mean filtering and masking out the sample from the surrounding jacket and 113 background for all the time series.
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All pores in the above-mentioned parallelepiped were extracted. We used the method of Over the first 40 minutes, the total porosity in peri4 decreased from an initial value of 145 1.3% to a constant value of 0.5%. Large pores are preferentially filled by brucite (Fig. 5) Six experiments were conducted at a mean stress below 30 MPa, (Fig. 1b, Table 1 ).
151
Three of them (peri7, peri8, perisp1) were performed to check reproducibility of results and in all these experiments, the replacement of periclase to brucite is a sigmoid function of time.
157
After a slow start (stage 1), the rate of replacement picks up accompanied by intense fracturing 158 and a pulse-like porosity increase (stage 2). In stage 3, the rate gradually declines till the 159 replacement is complete (Fig. 4) . 160 For sample peri1 (Fig. 4 , Video S1), brucite is barely visible after 20 minutes (stage 1) 161 and becomes obvious after 30 mins (onset of stage 2). At about 35 minutes, the reaction rate 162 accelerates at the onset of global fracturing. At 45 minutes a maximum porosity of ca. 2.5% is 163 reached. After that the reaction slows down gradually and the pore space is quickly reduced to 164 less than 1% (stage 3). After 85 minutes, the reaction is about 95% complete in terms of 165 periclase consumption. The pore size distribution (Fig. 6) shows an evolution where the porosity 166 pulse corresponds to an increasing and then decreasing number of pores. The reduction in 167 porosity is associated with interconnection of previously isolated pores. 168 In sample peri5 (Fig. S1, S2 , Video S2), fracturing and brucite formation can be observed 169 after 25 mins (onset of stage 2), then it follows a reaction pattern similar to the one in peri1. 170 Again, the porosity increase is pulse-like, first increasing to ca. 2.1% and then decreasing. The At Pmean of 23MPa and Pdiff of 65MPa, sample peri6 was subjected to higher stresses than 176 samples peri1 and peri5 (Fig. 1b) . The initial porosity of peri6 was also higher (ϕ=1.65%). In this 177 case, the transition between stage 1 and 2 took only 10 minutes. In stage 2 both the progress of 178 the reaction and the development of a porosity pulse are slower in peri6 than in the previous 179 cases (Fig. 7) . The porosity does however reach a much higher value (~12.5%) at around 90 
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After a slow start, the brucite growth rate accelerates at the onset of fracturing, and slows down 195 as the system is running out of reacting periclase (Figs. 4, 7 and S1 ). This behavior resembles an 196 Avrami type kinetics where the initial stage is slow due to slow nucleation and the reaction rate (1 − ϕ(t))V sample (t) = n pe (t)V ̅ pe + n br (t)V ̅ br The reaction in sample peri6 was carried out at high mean and differential stress (23 and   240 65 MPa, respectively) and this experiment shows a different evolution than the ones described 241
above. An initial period of gradual increase in the reaction rate and associated porosity growth, 242 to a very high porosity of 12.5%, is followed by a reduction in reaction rate. This reduction in 
